We herein report the successful management of a condition mimicking acquired laryngomalacia using conservative methods in an elderly man with a progressive neurological disorder. The patient developed stridor and was transferred to the intensive-care unit. Flexible laryngoscopy revealed a collapsed epiglottis during inspiration, as seen in acquired laryngomalacia, with mucinous material firmly adhered to the epiglottis. The stridor resolved after the removal of this material. Pathology revealed keratinized material, suggesting a collection of sputum or epithelial tissue. Thus, flexible laryngoscopy can differentiate the cause of airway obstruction and avoid unnecessary endotracheal intubation in patients with neurological disorders.
Introduction
Several neurological disorders cause airway instability. Bulbar muscle weakness and bilateral vocal paralysis are well-known causes (1, 2) . Although rare, acquired laryngomalacia can also occur in patients with neurological disorders (3) (4) (5) .
Most cases of acquired laryngomalacia are diagnosed by flexible laryngoscopy and treated by laryngeal surgery (6, 7) . Although acquired laryngomalacia may be resolved after neurological recovery in some cases (8) , resolution without surgical management has not been reported in patients with progressive neurological disorders.
We herein report a case of an elderly man with a progressive neurological disorder who developed an obstructive airway disorder mimicking acquired laryngomalacia that was diagnosed by flexible laryngoscopy and was reversible by conservative treatment.
Case Report
A 73-year-old man with a 27-year history of suspected spinocerebellar ataxia (SCA) was admitted for hypernatremia (187 mmol/L) and an altered mental status. He manifested dysarthria, dysphagia and gait disturbance at 46 years of age. The following year, he consulted a neurologist and was suspected of having SCA, an inherited disorder, because cranial computed tomography (CT) revealed cerebellar atrophy without any other abnormal findings. There was no significant family history of neurological disorders. The patient refused genetic testing, which was necessary for a definitive diagnosis. His symptoms had slowly progressed over time. A neurological examination performed before the current admission revealed a conscious state, mild cognitive impairment, and saccadic eye movements. He exhibited orolingual dyskinesia as well as dysphagia. Although he could consume soft foods by himself, he had lost his appetite for the past month. He also exhibited severe dysarthria, and his voice was barely audible. Deep tendon reflexes and motor, sensory, and autonomic functions were normal. Ataxia predominantly affected the trunk and not the limbs. He required assistance to sit up in bed and maintain a seated position. However, he could crawl indoors and walk with the assistance of a walker, although he found it difficult. On admission, he could not obey commands.
Following hydration in the hospital, the patient's mental status improved with a decrease in the serum sodium, which was corrected at a rate of <10 mmol/L per day. Decreased oral ingestion due to dysphagia appeared to have caused the hypernatremia. On day 5, however, he was transferred to the intensive-care unit (ICU) from the general ward because of airway emergency. His serum sodium level was 144 mmol/L in the morning. On arrival in the ICU, his respiratory rate was 30/min, with an oxygen saturation of 100% on room air. He presented with stridor and intercostal retraction. The jaw-thrust maneuver was unsuccessful, and CT did not reveal any airway obstruction. Airway obstruction due to vocal cord paralysis or a foreign body was suspected based on his history and physical examination findings. We performed flexible videolaryngoscopy before endotracheal intubation.
Flexible videolaryngoscopy revealed the collapse of his epiglottis during inspiration ( Fig. 1A and B, Supplementary material). The vocal folds were not fixed in the paramedian position. The characteristic movement of the epiglottis was suggestive of acquired laryngomalacia. However, additional careful observation showed mucinous material surrounding and firmly adhered to the epiglottis. This material could not be removed by suctioning and was manually removed with forceps. After removal, the epiglottis was no longer collapsed, and the stridor resolved ( Fig. 1C and D) . He was discharged from the ICU on the same day. A histopathological examination of the specimen revealed keratinized material, suggesting the collection of sputum or epithelial tissue.
After ICU discharge, the patient's mental status was normal; however, his swallowing function was worse than that before hospital admission. Brain magnetic resonance imaging (MRI) was performed on day 10. Fluid attenuated inversion recovery (FLAIR) revealed cerebellar atrophy, consistent with the previous findings ( Fig. 2A and B) . On diffusion-weighted imaging (DWI), there were no abnormal signals suggestive of osmotic demyelination syndrome (ODS) (Fig. 2C) . In order to prevent future problems related to dysphagia, we performed percutaneous endoscopic gastrostomy. However, he was able to recover his oral ingestion ability after swallowing rehabilitation and did not require gastric fistula formation at the time of discharge.
Discussion
Laryngomalacia is a common congenital anomaly of the larynx, with stridor being the most common manifestation. It is caused by the collapse of supraglottic structures during inspiration (9) . Acquired laryngomalacia is an unusual cause of upper airway obstruction and is mainly described in case reports or case series (3) (4) (5) (6) (7) (8) (10) (11) (12) (13) (14) . It is associated with neurological disorders, surgery, trauma, and general anesthesia (6, 10) . The pathogenesis of acquired laryngomalacia can be explained by two theories (7). First, loss of neurological control of supraglottic structures may play a role. Alternatively, increased negative inspiratory pressure can cause edema in the mucosal and submucosal tissue.
Originally, laryngomalacia in infants was classified into three types according to the type of obstruction (9) . Type 1 is caused by prolapse of the mucosa overlying the arytenoid cartilages. Type 2 is caused by foreshortened aryepiglottic folds. Type 3 is caused by posterior prolapse of the epiglottis. Laryngomalacia tends to show spontaneous resolution, but some cases require surgery based on the type (15) . For acquired laryngomalacia, there is no classification or guideline for determining the treatment modality, although most cases seem to be treated by tracheostomy or other otolaryngologic surgeries (6) . In some cases, the condition resolves after the resolution of the neurological disorder (8) . However, acquired laryngomalacia associated with neurological disorders is typically observed in patients with progressive neurological disorders, such as multiple system atrophy and amyotrophic lateral sclerosis, and resolution without surgical management has not been reported in such patients. In these disorders, the epiglottis is sucked into the glottis and prolapses posteriorly. This type of acquired laryngomalacia is called floppy epiglottis (3) (4) (5) . In this report, we described an unusual case involving an elderly man with a progressive neurological disorder who developed an obstructive airway disorder mimicking acquired laryngomalacia. On close observation using flexible laryngoscopy, it was found that the epiglottis collapsed during inspiration because of the presence of firmly adherent mucinous material. Manual removal of this material led to resolution of the stridor. Thus, the condition was reversible, and unnecessary endotracheal intubation was avoided.
Airway management is a critical aspect of the treatment of critically ill patients (16) . In an analysis at a tertiary referral center, airway emergency accounted for 6.3% of unexpected ICU admissions (17) . Bulbar muscle weakness and bilateral vocal cord fold paresis are the two best known causes of airway obstruction in patients with neurological disorders (1, 2) . Indeed, neurological disorders account for approximately 22% of adult cases of bilateral vocal cord paralysis (18) . Although rare, acquired laryngomalacia has been reported as a cause of airway emergency after general anesthesia (10) . Therefore, it should be considered when evaluating patients with airway emergency.
Although endotracheal intubation is important, it is associated with major complications, such as severe hypoxemia and hemodynamic instability (19) . Therefore, avoiding endotracheal intubation whenever possible may be extremely beneficial, even for patients with airway emergency. Most adult cases of laryngomalacia are diagnosed by flexible laryngoscopy (6) . Observation of dynamic airway obstruction confirms the diagnosis. In the present case, flexible laryngoscopy showed that the airway itself was not obstructed by any material; instead, structural changes around the epiglottis were causing the symptoms. Flexible laryngoscopy also enables the diagnosis of bilateral vocal fold paralysis, a more common cause of airway obstruction. Thus, it can be very useful for determining the actual cause of airway obstruction in patients with progressive neurological disorders. The present case is also unique because flexible laryngoscopy revealed a condition mimicking acquired laryngomalacia that was not due to the neurological disorder itself. We ruled out ODS for several reasons. First, the rate of sodium level correction was slow. Second, brain MRI did not show any findings that suggested ODS. Third, the patient's symp-toms, aside from his dysphagia, remained stable. Finally, although his dysphagia initially worsened, his oral ingestion ability recovered after swallowing rehabilitation, a finding that is generally not observed in patients with ODS.
Pathological findings showed that the mucinous material around the epiglottis was not a foreign body but keratinized material. This suggests that the material was produced within the body. We believe that an impaired swallowing function due to the patient's neurological disorder and his hypovolemic state due to hypernatremia may have been responsible for the formation of redundant material around the epiglottis. In addition, an abnormality in the laryngeal tone, as seen in patients with acquired laryngomalacia (5), may have played a role. Orolingual dyskinesia has been reported in association with SCA, with possible causes being basal ganglia degeneration and consequent loss of muscle tone (20) . Accordingly, the presence of orolingual dyskinesia in our patient suggest tone abnormality. These obstructive factors likely amplified the negative inspiratory pressure according to Bernoulli's principle (5, 6) . However, this hypothesis needs to be validated using physiological methods.
In conclusion, we described an unusual condition mimicking acquired laryngomalacia caused by mucinous material adherent to the epiglottis and easily reversed by conservative treatment in a patient with a progressive neurological disorder. Even when a dynamic abnormality in the epiglottis resembles acquired laryngomalacia at first glance, other reversible causes should be considered. Patients with neurological disorders should be evaluated using flexible laryngoscopy to determine the actual cause of airway obstruction and avoid unnecessary endotracheal intubation.
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